esp@cenet - Document Bibliography ... AND STAf^jBIW^©F/«fai^!^M^(3fepi6em,..RDRAW==0&DB=EP 




(MMF(o)©@oK]@ mm mimmm^ 



Patent Number: 
PubliGation date 
lnventor(j5): 



AppliGant(s):: 
Requested: P^itent: 



EP0882686 
1 998-12-09 

D0USHI17^K(JP)rHATT0RIAKIHIK0(JP);SHIM 
TAIDAHIRGAK^ 

NIPPCS^^S^ 

n : EPQ8826M . At 
AppliMpnrNumber^^ 
Pribrity:Number(s)::r^^W^ 

EG Classification: 003617/42. GQ3C17/34D2- 

jEquivaientsv; . ^ ■; ^y:;fgl ii^|s§ ' ■ ^ 

A eamer fon^electra 

resin coatihg,ibeingfr^ charge3quanti^ 

ah Image hayingli slB^ 

due to adhesidiliof^^^ 

^carrier ifor^ieiGffip 

consisting :(Df a Hi|^^ 

coating liayer consisting 6f tK^ 

layer, a lay0r Goritairiirig m^gne : 
encompassed: by at least sixi-fiat and/or 

and/or a fine particle resip. El 

■ : v. " .... . .-. , \". ' - ::g ^L. 



1 of 1 



6/1/01 10:00 AM 



• EP 0 882 686 A1 

Fig. 1 




I 1 1 1 r 

(O tfi ^ to 

. . • • • 

Icaaqe density 



13 



esp@cenet - Document Description 



http://12.espacenetxoni/dips/desc?...NP=EP0882686&PN-EP0882686&FIT)B=EPl 



Teehnical Field 



The present invention relates to a carrier for electrophdtography and a developer for electrophotography 

usinglthet^nrierrMore particularly-^i^^^ 
electrbstatic jatent image in iriia^ 

eairrier.-' '' -'r - ''f f^^^ ' ) ■■ A^^^^^^^^^ 



yteiialftSeliiGtros^ Ima^ilie, 
develQpment;?o 
which div^lo 
v^rithi an electro^ 

pl^iri^^^ ■ '/'y, - 

Particulariy;attentioh has beenipa^ 

{irinter as^^ prpmisihg rneflipdiiri ne^;M ^ 

>\;partibUl3t^€arrier;:Wh 
nrliaghetic^ira^ material: with :aa 

jsUrfadSSiFith^ 

cli|irtiag!^i;S^ ' 
GiBnventidhal fieisiin^^ 

exfoliated by an impact such as stirring applied when used brj fprb^ 

To sblvei this problem v^the inventors diBvelope 
coat by directly; carrying out pb 

of fmaterials such as ferrite, asidescn^ No. Heii 

2^187771. The ^ pol>^!efi n^basid HfBsin jsimethbd ; 1 ;) has the^trorig^ ; 

adhesion strength between the cbre^ 

of images 3)?is^ekcdllenf in dura ' 
a^htirtuGrtJsiyfora Ibni^ 

On the other handflhoweyer; this pd 

brilytiHecSusiB cpntrphpf charge pplantyand^djus^ ppnfflu<Sfedi|bu^^ 
aJs6because:otther problem tha^ 
toner^dr for other reasons: : ^ 

In addition, the carrier did not have enough prope^^ 
adjustment of irtiage density. 

As methods to solve the above-mentioned problems, a method to improve charge quantity by containing 
nigrosin in a carrier-coated resin is disclosed in Japanese Patent Laid-open Pub. No. Shb. 53-100242, a 
method to improve fluidity by adding a fluidity-improving agent is disclosed in Japanese Patent Laid-open 
Pub. No. Sho. 61-9661, and a method, to prevent making the charging property uniform and being spent by 
adding one selected from a group consisting of electroconductive fine particles, inorganic filler particles, 
and a charge-controlling agent, is disclosed in Japanese Patent Laid-open Pub. No. Hei. 2-210365. 

These methods, however, could not satisfy both 1) freely controlling charge polarity, adjusting charge 
quantity, and adjusting resistance, with taking advantage of an excellent property that the above-mentioned 
polyolefin-based resin-coated carrier has. and 2) preventing extemal additives of a toner from being spent. 

The present invention aims to solve the above-mentioned problems, i.e. the purpose of the present 
invention is to provide a carrier for electrophotography and a developer using the carrier, which allows 
adjusting the charge quantity and static resistance freely, with taking advantage of an excellent property 
that a carrier having a polyolefin-based resin coat has, obtaining an image stable in light and shade, and 
effectively preventing extemal additives from being spent by attachment of extemal additives of a toner. 
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Disclosure of the invention 



In order to achieve the above object, the^ present invention provides a carrier for electrophotography having 
a carrier core nnaterial with magnetisni and a coating layer made of a high-molecularTweight pblyethylene 
resin for coating the surface of the carrier core3nliaterial^ wherein 

the coating layermade of the high-mdiecu resin has, at least ais its outermost layer, 

a layer containing aimagnetic powder that is a; or either at leasts 

six flat and curved planes in the thfeerdimensiprial geo 

As its preferred mode, there is i provided ithe carrier for electnophotography , wherein the coating layer made 
of the high-moliecular-weight piolyethyle 

As its preferred mode, there is prpyided- theic^ whereih the coatlrig l^yer made 

of the high-molecular-weight pdlyethylene^r^^ • 
fine particle resin. 

As its preferred mode, there is prpvidedi the carrier for elec^^ the average particle 

diameter of the magnetic p<)w 

As its; preferred mode^there is provid^! the camerfe electro its nesistahce is in a 

range of ix10<2>:to 1x10<lJ^ • 

As its preferred mode, there js proyideithe cieye of the carrier for: 

electrophotography, and a toner that wasjm carrier iat a Weight ratio bf ^^^ 

amount of the toner and the cam^ 



Brief Description of the Drawing 



Fig. 1 is a diagram illustrating the dependencejoflim^ on magnet roller bias potential in Applied 

Example 1 of the present invention/ 

Fig. 2 is a diagram illustrating the result^^ in Applied Example 2 of the 

present invention. 

Best Mode for Carrying Out the Inyerition 

The embodiment of a can'ier for electrophotbgraphyr a^ a developer for electrophotography using the 
carrier according to the present invention will tieiexpiained concrete below: 

I. Carrier for electrophotography 



The carrier for electrophotography according to the present invention has a carrier core material and a 
coating layer consisting of a high-nfiolecular-w#ight-po!yethylene resi^ coating the surface of the carrier 
core material, wherein said coating layer consisting of a high-molecular^weight polyethylene resin contains 
a layer containing magnetic powder that \s a convex polyhedron that is encompassed by both or either at 
least six flat and curved planes in the three-dirnensiohal geometry at least as its outermost layer, or a layer 
containing the above magnetic powder and silica, or a layer containing the above magnetic powder, silica 
and a fine particle resin. 

Each component will be explained concretely below. 



1 . Carrier core material 



There is no particular limitation to the core material of carrier according to the present invention. Well 



(1) Material 
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known materials for the two cor^rohent-SYStem carrier for electrophotograph^an be used, such as 1) 
ferrite. magnetite, or the like; metals such as irony nicfel. and cbb^lt. 2)^ or a mixture of these 

metals with a metal such as copper, zinc, antihnbny, aluminum, lead; tin, 

magnesium, selenium, tungsten, zirconium, arid vanadium; 3) a mixture of the above-mentioned ferrite or 
the like with a metal oxide such as iron oxide, titaniurti oxide. and magnesium; a nit^^ 
nitride and vanadium nitride; a cart)ide:such:as silicdn:Ca^ and 4) ferromagnetic 

ferrite. and 5) a mixture of these; 



(2) : Geometry and particle size 



There is no particular linnitatiori to thejgeometry-Bbth p 

Althbugh there is :rio particular limitation to^ thei 
size is snnallerfthari:20 m^ 

(iaiM^risitizer in general) may occurs if such as can-ier streaks 

hiay^occurarid :cause^ 

(3)iRatib of forhnulation - ;• ^- ' } 



The weight ratio of the carrier core material periit^^^ 
95 wt.% or higher. The ratib bffbr^ 

carrier. If the weight ratio is lower than 9pwtf%|t|lfei;(^^ too th ick, arid thi durability 

and the stability of charge which jare req^ 
of ithe coating layer, increase ih the 
appliedito a devel6perv7M3o it:^^ 

image density with respect to the q^^ limitation to the upper 

limit/ such ai ratio may be enougtiM^ 
bore material- This value d^pends^^ 

coating. ■ '^'.^ ■ 



(4) Electroconductive layer 



An electroconductive layer can be formed on the carrier core material particles prior to coating with a 
high-molecular-weight polyethylene resin if necessary. 

As the electroconductive layer formed on the carrier core matierjaKpartid one^ in which - 

electroconductive fine particles are dispersed in an appropriate: blriding: resin- is favorable. The formation of 
such an electroconductive layer is effective in enhancing a devejopingrproperty,^^ obtaining clear images 
having high iniiage density: and dear 

electrocdriductive layer lowers electroresistance 'of the earner to a su to balance leak and 

accumulation of electric charge. . i - 

As the electroconductive fine particle added to the electroconductive layer, the followings can be used: 
carbon black such as carbon black and acetylene Black, carbide such =as-SiG , magnetic powdersuch as 
magnetite, Sn02, and titanium black. As the binding resin of the electroconductive layer, the followings can 
be used: various thermoplastic resins and thermosetting resins such as polystyrene-based resins, 
poly(metha)acrylic acid-based resins, polydlefin-based resins, polyamide-based resins, 
polycarbonate-based resins, polyether-based resiris. polysulfonic add-based resins, polyester-based 
resins, epoxy-based resins, polybutyral-based resins, urea-based resins, urethane/urea-based resins, 
silicone-based resins, and Teflon-based resins, and a mixture, a copolymer, a block polymer, a graft 
polymer, and a polymer blend of these resins. 

The electroconductive layer can be formed by coating a liquid in which the above-mentioned 
electroconductive fine particles are dispersed in the above-mentioned appropriate binding resin onto the 
surface of the carrier core material partides by a mettiod such as the spray coating method and the dipping 
method. In addition, it can also be formed by melting/blending/crushing the core material partides, 
electroconductive fine partides, and a binding resin. In addition, it can also be formed by polymerizing a 
polymerizable monomer on the surface of the core material partide in the presence of the 
electroconductive fine partides. Although there is no particular limitation to factors such as the size and the 
amount of addition of the above-mentioned electroconductive fine partides as long as the properties such 
as electroresistance of the carrier according to the present invention are satisfied, an average partide size 
of the electroconductive fine partide should be one that allows homogeneous dispersion in the 
above-mentioned resin solution: concretely 0.01-2 mu m. preferably 0.01-1 mu m. Although the amount of 
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the electroconductive fine partiHrto add also depends on the kind and otheWactors and it is not possible 
to specify it. a weight ratio of 0.1 -60wt.% per the binding resin of the electroconductive layer, preferably 
0.1-40wt.% would be acceptable. Although such a trouble occurs that the reproducibility decreases when 
fine lines are copied repeatedly using a carrier like this when the packing ratio of the carrier is as small as 
ca. 90wt.% iand the thickness of the coating layer is relatively thick;:this kind of trouble can be dissolved by 
adding the above-nientioned^elecfroc«nductive fine parties 

The canrier core material particle^^ ohiwhich^ functjp layer such as arf electroconductive layer was 
formedrwiil also be desi^ 
misunderstanding can be avoided. 

2. Coating layer consisting of h 



(1) Molecular weight of resin 



High-moleeular4weightip6lyethyle 
nurnber-siyerage nriiplecula 

highiei^ arB' ; 

weight lower than i PiOOd are g^ for the 

present invention: iSolyethy^ 

Ltd.)^ Diai(Bhe:30 (nriariufac^ 

Nippon Oil Cb./Ltd;), SsiniWax (rhanu 

manufactured: by Poller C^^^ 

Pblybthylenei:i(manufe 

HoechstWax (maribfactured^ 

(manufactured by Petrblite Gb;, ; L;tdl)*Es^ Ltd -iVorfthe like. 

The polyethylene vvax may be coated by the convention the ^prby method by 

dissolving ih hot toluene or the likei Howevery since the nriechanical strength of the^f^ is 
weak, :it is exfoliated by the shear in a developing niachine 

It is also acceptable to add at least one kind of functional particles such as;,the above-mentioned 
electroconductive fine particles arid particles :havihg an^^^ 
described Plater, into the cdatihg layer consisting of tb^ 
polyethylene resin. 



(2) Method for fomning coating layer 

There is no particular limitation s form a coating layer used in the present invention. Although well known: 
methods such as the dipping method, the fluidized bed method, the dry-type method, and the spray dry 
method can be applied, the following polymerization method is prefen^ed to coat the polyethylene-based 
resin because the resin-coating strength is strong and the coat is not be exfoliated easily. 



a. Polymerization method 



The polymerization method" is a method to produce a polyethylene resin-coated carrier by treating the 
surface of the carrier core material With an ethylene-polymerizing catalyst and directly polymerizing 
ethylene (forming polyethylene) on the surface, as described, for example, in Japanese Patent Laid-open 
Pub. No. Sho. 60-106808 and Japanese Patent Laid-open Pub. No. Hei. 2-187770. The polyethylene 
resin-coated layer can be formed by suspending a product that is obtained in advance by contacting a 
highly active catalytic component that contains both or either titanium and zirconium, and is soluble in a 
hydrocarbon solvent, such as hexane and heptane, with the carrier core material, and an organoaluminum 
compound in the above-mentioned hydrocarbon solvent, supplying an ethylene monomer, and polymerizing 
it on the surface of the carrier core material. In addition, in case fine particles or electroconductive fine 
particles having the above-mentioned an electric charge-conferring ftjnction are added, they can be added 
while the above-mentioned high-molecular-weight polyethylene resin-coated layer is formed. 

As this production forms a polyethylene-coated layer directly on the surface of the carrier core material, a 
coat excellent in strength and durability is obtained. 

If functional fine particles such as electroconductive fine particles and fine particles having an ability to 
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control electric charge are dispeffed/coexisted in the polymerization system inthis way, while a 
high-molecular-weight polyethylene resih coat; is growing/being formed by polymerization, the functional 
fine particles are incorporated into this coat, and a high-molecular-weight polyethylene resin coat containing 
the functional particles is formed: 



b. Amount of coating 



A high-mdiecular-weight polyethylene resin coat is fbri^^ 

material]/[high-moleculai^weight polyethylene range of 99.5/0.5^90/10. 

more preferably in a range of 99/1>95/5^ 

C; Addition and supportihg of functional fine p^ 

The quality of the carrier can be imprpyed, as described abpye, by adding/carrying least one kind of 
functional partides, such as ^electtb^ 
charge/ in; the highr^^ 

As eiectrbcbnductive fineipartid 

coat; ban bei used all welllk^^ " 
electrbcbnductive magnetic powder such iaiN black. A preferable average particle 

size of the electroconductive fine particles is 6;^ 



{3)i;Outermost layer 



The coaJting layer has a layer cpntaihihg^m 
byiatijeast sjx flat ahd/br curved:p^ 
ailayer contiaihing said magnetic powd^^^ 



ai Magnetic-powder 

Mafgnetitbi ferrite, iron powder^or the like bah be used as a rtiaterja 
present invention. 

The three-dimensional geometry of the magnetiappwden^ is ehcbmpassed by 

both or either at least sixjflat and/curved~p^ 

eiicompassed only: with flat planes; "pblyhe is i^^eferred to as a.solid body that 

is.encpmpassed with both oreithierfla^ the existisnce of angles and verticies: formed by 

flat and cuived planes Ijke this is important. ^^^^^^^^^ T 

If the carrier is a polyhedron like this, as the electrpconductipn changes fr^ the surface-electrpconduction:^ 
nriechanism to the pointrelectroconduction mechanism in a convex part of apolyhedron. the efficiency in 
electroconduction is improved. Fbr#ie pplyhedrbn; both a single kind and a combination of a plurality of 
kinds are acceptable. 

The average particle size is preferably 0.1-1 mu m. more preferably 0.2-0.7 mu m If the size is smaller than 
0.1 mu m, the effect as a spacer might be lost. If the size is larger than 1 mu m, addition to its outemnost 
layer might become impossible. 

The resistance is preferably 1E+7 (1x10<7>)-1E+10(1 x10<10>) OMEGA . cm. more preferably 
1E+7(1x10<7>)-1E+9(1x10<9>) OMEGA . cm. If the resistance is smaller than 1E+7 OMEGA . cm, a 
charge property might be prevented. If the resistance is larger than 1E+10 OMEGA . cm, adjustment of the 
resistance might become impossible, and the function as a magnetic powder might not be performed. 

They are commercially available, for example, from Mitsui Metal Co. as Magnetite MG-1306 (octahedron) 
and Magnetite MG-3900 (polyhedron). 
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Silica, whose surface was hyd^hobically treated and positively or negativel^harged, can be used in the 
present invention. 



The particle size is preferably equal to.or smaller than 40 nm in primary size, more preferably 10-30 nm. If 
the size is larger than 40 nm, gaps between silica particles may become large and ruggedness is 
generated on the surface of the carrier; 

As positively charge^J siliM example, RA200HS (mahufectured by Aerosol Go:, Ltd.). 2pi5EP;. 

iand;2650EP (both Waicker e 

example, R8 12., Ry200 (both manufactured by Nip^^^ 
Chemicals Co. , Ltd) are commercially available. 

It is^preferable to add riegatively charged silica to^a^ charged toner; arid: to add positively charged 

silica to a negatively charged toner. 



e. Fine particle re^in 



The fojlowihg : neggtivelyic 

particle resin according to the p^ - ^ 



A. Negatively charged res^^ 
FlijpHne^basedf esj 

and tetrafluoroetHyleh(B/hexaflubroethylene^^ 

B. Positively charged resins 



Acryl riesin, polyamide^based resin (such as nylbn-^^^ nylon^66^ahd nyloh^l t)^^ sH^le^ resin 
(polystylene, T^BS, AS, afnd MS);^;chlorovinylidene resin, polyester^^ 
terephthalate. polyethylene napj^ 
polycarbonate). pblyeth^r-based'nesih Xs^ 
resin (such as EVE, EEA. EAA^; EMAAr 

It isrpreferableitb add a negativdy chargediresin tb a positively 
charged resin tba negatively charged tbner. ' - 

It is acceptable to contain both above-mentioned siljca and particle resin as well as^^^t^ one of them. 

In addition, one kind or a plurality of kinds of silica can be used, andione kind or a plurality of kinds of 
particle resin(s) can be used: 



d. Coat thickness 



The coat thickness of its outermost layer is preferably 0.1-6 mu m. If it is thinner than 0.1 mu m. coating 
might become incomplete. If it is thicker than 6 mu rh, its outermost layer might be exfoliated by a 
mechanical impact such as friction from the outside. 



e. Formation and fixing method of outermost layer 



Formation and fixing method of outermost layer used in the present invention can be performed, depending 
on particle size and geometry of the magnetic powder to use and physical properties, such as particle size, 
solubility to organic solvents, melting point, and hardness, of silica and/or a resin, by selecting a method 
from the following two methods or by combining them. 



(i) Fixing by mechanical impact 



Its outermost layer is formed with a high-molecular-weight polyethylene-coated carrier core material and a 
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mixture that was prepared by 




and silica and/or fine particle resin using ai crusher such as the Henshel mixer (manufactured by Mitsui 
Miike Chemical Eng. Machine Co. Ltd., FM10L); The amount of magnetic powder or the amount of the 
mixture of magnetic powder and both or either silica and particle resin to be added then, are determined by 
resistance value to change, absolute value of charge qliiantity. and stability of real printing image density 
and other factors. 

Although^ concretely, it is usual to add at a weight ratio of Oil -50 phr (addit^ 

amount of coating polyethylene of highfmolelcularrweight^olyethylene-^^ an appropriate ratio 

is around 20^30 phr. consideringiidurat)ility, change in re^ formation :pf its 

outermost layer, stability in production^^and dthe^^^ Treatment using the Henshel mixer is:COnducted 

with the treating amount being in^a range of 1r5 kg at su low speed that magnetic powdeir, silica, and a 
fine particle resin, which weriB added;^^^^ 

Although treating time depends ph the ampunt of 
silica and particulate reiSih to^^^ 

other factors; it is necessary to cbndud^^ such as various kinds of particlesjare 

generated during fixation of malghetib pS^ 
nriechanical impact; classification may be^ 



(ii)Thermal fixation by heatingi 



Its outermost layer is fbritied:by;mixih 
appropriate amount of magnetic powder or a m 

either silica and fine particle resihiusirig a^^ ; 
Machine (Hosokawa Micron Qb:i l-td;^^ 
paMicle iresin to add thefflare 

printing image density; ■ ^ • '-}. ' ■ : - 

Although, concretely, it is usual toidd^ at b • 
per the amount of coating ppl)^thy^^ 

appropriate ratio is 20^3P::pftr;^cohs resistance accompanying the formation 

of its outermost layer, production stability . 

In the thermal spheronization treaMent; it is necessa^^ 
either silica and a fine particle resiritotKe su 
carrier before the treatments For this ipurpose;^:a^^ 

V-blender treatment, and the, Henshel-mixer treatment ca. 1 min) is carried out to electrostatically or 
mechanically attach the partides of magnetic ppwde particle resihionto: 

the surface of the high-molecular-weight poiybthyleh carrier: Fixing was performed and an 

outermost layer is formed by heating for a very short time with uniformly aittachihg onto the surface of the 
high-molecular-weight polyethylene resin-coated;:eajT 



3. Electroconductive property of carrier 



Although the optimal electroconductivity of a carrier^depends on the system of the developer in which the 
carrier is used, a carrier showing a value of 1x 10<2>-1x10<14> OMEGA . cm is preferred in general; 

If the value is lower than 1x10<2> OMEGA . cm; carrier development and overiapping may occur. If the 
value is higher than 1x10<14> OMEGA . cm, deterioration in the quality of image such as lowering of the 
image density may occur. 

Resistance values were determined by placing a carrier layer having an electrode area of 5 cm<2>. a load 
of 1 kg. and a thickness of 0.5 cm, applying a voltage of 1-500 V to both upper and lower electrodes, 
measuring current values flowing in the bottom, and converting the values. 



II. Developer for electrophotography 



The developer for electrophotography according to the 

The developer for electrophotography according to the present invention can be obtained by mixing various 
toners with the above-mentioned carrier. 
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1 . Toner 



As a toner used in the present invention, the toner, which was produced according to a well-known method 
such as the suspension; pplynrierization methodi the^^^ method^ theimicrocapsule method^ the spray 

dry method, and the mechanochernical method,^ can be used, and at least binder resins, coloring agerits; 
and other additives such as electric c^ agents; and 

fixation-ehhanclhg agents can be fbrrhulatedni^ 

prevent scattering of a toner in the machine.- In addition, fluidizing agents can alsfo be added itis 

fjuidizability. Binder resins which <^ &^^^ pplystyleherb^sed resins 

s^lene/butad ierie eopblymer^^^^^ 

polyethylene, ethylehe/vinyl acdtatS<ippolymeri^^ 

phenols-based resinsiracrylphthalate^ re^ 

Cplorihg agents! which caih 

PHthal6cyahinehBlue,i:lhdus^ M 

Green, Malachite Green Rake, Methyl 

usedare positive eilectriccharge-cohtra^ 

triphenylmethanfe-based ic^ 

electric charge-cohtrpiiihg agents su^^ 

chromium complex or a zinc c^ be used are 

Tefldhizinc stearate, and poly^ 

used are a polyplefin wax or the lika 

Magnetic materials^ which pan^^b usediare magnetife^^ 

be used iare;:Sjlk:airP 

The average size of the toner is preferably equal ito or lower than 20 mu m,; more^^ 5-1 S mu m. 



2. Mixing ratio 



The weight ratip of toner/carrier according to the presentiiihvention is 2-40wt^%v;^preferably^ 
preferably 4-25\Art.%. If the ratio is: lower than 2v^ 
imageidensity isf not given. If the^^ra^ 

the tonei^ scatteirs from the developing machine and pollutes iniside the^^ 
toner-overiapping. 



The developer according to the: present invention is used in the=2^ and 1 ■5rComponeht-type 
electrophotography system such as the copying machine (analogue, digital, monochrome, and color type) 
the printer (monochrome and color type) , and the facsimile; especially most sultablyjh the 
high-speedAiltra-high-speed copyirig^maohine and printer or^the: like in which the stress app^ 
developer is high in the deveiloping machine.' There is no.particular limitation to the type of image-formation, 
the type of exposure, the type (apparatus) of development, and various types of control (e.g. the type of 
controlling the density of a toner in a developing machine). One can adjust it to an optimal resistance; a 
particle size/particle size distribution, a magnetic power, and an charge quantity of the carrier and the toner, 
depending on the system. 



The examples of the present invention will be described more concretely below. 
Production of carrier 

(1) Preparation of titanium-containing catalytic component 

Into a 500-mI flask whose atmosphere was replaced for argon, 200 ml of dried n-heptane and 15 g (25 



3. Usage 



Examples 



8 of 12 



6/1/01 10:04 AM 



esp@cenet - Document Description 




mmol) of magnesium stearate^lirhacl been dried at 120 DEG C under to mSKe a slurry. After 0.44 g (2.3 
mmol) of titanium tetrachldride was drppwise added with stirring, the content began to be heated, the 
reaction was carried out under reflux for 1 hour, and a clear viscous solution of a titanium-containirig 
catalyst (the active catalyst) was obtained: 



(2) Evaluation of activity of titahiumrcontainirig catal^^ component 



Into a 1-liter autoclave whose atmosphere was replacedifor argon, 400 ml of dried hexane, 0^ mmol of 
triethylaluminum, 0:8 mnhohof diethylalunri^ nrimbi {as titanium atom) of the 

titanium-containing catalytic compprient o^^ 

DEG C, wherein the inner pressure of t^ After hydrogen was supplied up to 

5J5/kg/cm<2>Gv ethylene wa3i^ 

Polymerization was can-iediout for li houii^ g polymerization activity was 365 kg/g 

. f i/Hr; and MFR (malt flb^^ 
polymer obtained was 40^; 

(3) Production of polyethylerieTpqated^c^^ 

Into a 2 - liter autoclave whose atmdsp^ 

^Powder Tech Corp,, average particlie size 50 mu rri) was add 

and drying was carried out uhder ai reduced prBs^ content was: cooled 

down to 40 DEG G, 800; ml of dried hexane was added, and mixih 
diethylaluminuniochlprideiiand 
titanium atom) wenBtadded-sreactom 

4 g of ethylene was intrddub^ 
supplied up to 3:2 kg/cm<2>^Gi 5^0i;m 
pre^ss u re^dfth e; system 3^ 
containing 5.5 g of cart>bn black (Mitsubis 
polymerization was can^ied^outcontln 

kg/cnh<2>G for:45 min (the sup^^^^ introduced into the system), 

and 1005^5 g of parbon bjack^ntainihg pplyeth^^ 
was unifomrily black. Electron^micrbscopiGibbs^ 
with a thin pblyethylene Jayer ahd^it^ 

Thermal gravimetric;analV^is;:pGA>idf the composite revealed that the weight ratio offerrite/carbon 
black/polyethylene was 95;5/b.5/4.0. 

The intermediate-steip carrier obtained through this step was designated as "the carrier A1". The 
weight-average molecular weight of the; coaW 

Then carrier A1 was classified Ijsihg^a'sieve of 125 mu m to remove particles which jare equaf to or larger 
than 125 mu m In diametefr. This carrier after the classification 

classifier having a height of 14^cm, and heaited air (11 5 DEG C) was blown in to give at a linear velocity of 
20 cm to fluidize the carrier for 10 hpursi/l^ 



Into a 10-liter Henshel mixer (Mitsui Miike Co., FM10L), 1000 g of the earner A2 was added and mixed for 1 
hr to give mechanical impact and to snrioothen the surface of earner A2. Then 8 g of magnetic powder 
(Mitsui Metal Co.. Magnetite MG1 306, octahedron) was added and mixed for another 1 hr to give 
mechanical impact to form outenmost layer containing magnetic powder. To remove magnetic powder 
existing unfixed freely, the large particle size carrier and the aggregated magnetic powder were removed 
using a sieve. In. addition, to remove particles such as the unfixed magnetic powder, treatment was canried 
out using a fluidized-bed type gas-flow classifier at a linear velocity of 20 cm for 2 hours. Thus carrier B 
was obtained. 



Carrier C was obtained according to the same method as Example 1 except that 20 g of magnetic powder 
was used instead of 8 g. instead of 8 g. 



Example 1 



Example 2 
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Example 3 



Into a 10-liter Henshei mixer (Mitsui Miike iehemical E^^ FM10L), 1000 g:df the carrier 

A2 and mixed for 1 hr to^give mechanieal impact and ta^^ 8 g^bf 

magnetic pdWdef (manufactured by Mitsur MetaliGo.. Utd^ Magnetite Mi31306; octahedron) was- added?and 
mixed for another I hr to give mechariical^ihnipskit^^ 
Ltd;. R81 2) was added and iriixed for anothei';1; hr t 

ppwder-silica-contalhing outermost layer. To femove^magnetic powder existing unfixed freely, the liarge 
particle size carrier and the aggregated magnetic pdw using a sieve. In addition, to 

remove partides such as thie u^ 

type gas-flow cliassifier at a linear velocity of ^!0 cm for 2 hours. Jfhus carrier D was obtained. 



1 000 g of the carrier A2 was pliaceKl Miike Ghemical Madhihe G6., Ltd; 

FM10L): Then 8 g of the maghetic^^p Ltd. Magnietite MG1306, 

octahiedrdri) and 8 g of a niicropovyrderecl resin (m 

added and mixed for 1 minjjte, where / 
electrically and mechanically; Tlien, the nii)rt^^ 
thermal sphere forming mao^ 
Machine) toifix the magnetic powder^a 

rdisin layer, whereby the outermost layer hnix^^ the micropowdered: resin 

was.fprmed; ^rhe carrier with #la 
micropowdered resin were renrioved By us 
the rnagnetic powder ahd^r^^ 

Ajsd, the resultant product was processed u|ing a:fiuidi2e^ 

type air flow classification at an air flpw:l|near^ the purpose of eliminating 

excesses of the magnetic powder and micrbpoW^ Thus carrieriE was 

obtained. 



Ciarrier F was obtained according to the samei method afs Example 1 eoccept that Magne 

(nrianufactured by Mitsui Metal Co , Ltd.) wals usediinstead of Magnetite MG1306=^ Mitsui 

Metal Go., Ltd.). 



Gomparative Example 1 



Garrier A2 obtained in the carrier production example was not further treated. 



Comparative Example 2 



According to the same method as Example 1 except that magnetic powder DFG450 (manufactured by 
Dowa Iron Powder Go., 25 mu m) was used instead of magnetic powder Magnetite MG1306 (Manufactured 
by Mitsui Metal Go., octahedron), a carrier was obtained, which could not be fixed because the particle size 
was too big. 



Gomparative Example 3 



Garrier G was obtained according to the same method as Example 1 except that Magnetite MG8200 
(manufactured by Mitsui Metal Go., sphere) was used instead of Magnetite MG 1306 (manufactured by 
Mitsui Metal Go.). 



Applied Example 1 



Example 4 
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Evaluation of real printing Was . carried :oUt, using the toners A and B witfi respect to each of the carriers 
A2-G obtained in Examples 1-5 and Gbnnparative Exanrip 1 and 3. using a machine that was modified 
from Ecosys 5 3550 (Kyocera Go.) in such.a way thatamorphous silicon was used as a photoreceptor 
when a positively charged toner wras evaluated. that an organic electrophotography photoreceptor was 
used when a negatively charged toner was evaluated^and that the surface potential of the photoreeeptpr 
and the magnet roller bias potential (X)uld: be adjusted;;^^^ printing, charge 

quantity, and static resistance arie summarizedjiri Ta^ 1 . 

The fbllowings were used as Toner A and Toner B: 

Toner A: Stylehe/h-buty|methacrylate?cpplymj^ parts 
Garbontoiack (Mitsubishi GhemrC^ 
%e (Orient Ghem. lhdH^ 
T^ner A was obtained tr/ ad^ 
hieatisd at:140 b 

further finely crushing using a jet miliar ^ ^ i : 
Toner B: Bisphenbl A-based polyester resin too >^ 
Garbon black (Cabot Gorp., BPLp Airt; p^^ 
Dye (Orient Ghemrlnd::C6:y E^ 

Toner B was obtained by ad^uate^^ materials usiiig:;a^balf rn 

heated at 1 40 D EG G, coblirigf the^iiixtfife b^ 

further finely crushing using a jet prl^^^ : • • 



Evaluation of real printing wasfcarriedli^ density of the printed part by using the^^M 

densiitometer after printing^^at yario^ static resistance and xjharg^ 

simultaneously measured. Measurerntent j^^^ 

quantity-measurjng device, (TdshibaiGhlr^ carried out by 

rnixirig 0.5 g of a tohe^r land 9:5;g: of^y^ 

ball mill for 1 hr, at a blow pressure bf 016; kg tilowing time of 5Q;sec. using a 506-mesh 

stainless steel sieve. 
ld=Table 1 Golumns=9 OR=L 

Head Goi 1: Kindiof carrier 

Head Gol 2 to 3: Gharge quantity ( mu ;G/g) 

Head Gol 4: Static Resistance { OMEGA:cm) 

Head Gol 5 to 9: Image density (Mbasuredtat each bia^ 

SubHeadGoH: 
SubHead Gol 2: Toner A 
SubHead Gol S: Toner B 
SubHead Gol 4: 
SubHead Gol 5: 150V 
SubHead Gol 6: 200V 
SubHead Got 7: 250V 
SubHead Gol 8: 300V 
SubHead Gol 9: 250V 

Garrier A2 +11.2 -13.5 3.1E+11 1.17 1;23 1^30 1^32 1.33 
Garrier B +10.9 -13 1 1.1E+10 1 .19 1.27 135 ^ :44 1:53 
Garrier G +1 1 .0 -1 2.9 8.9E+08 
Gamer D +18.2 -7.2 7.8E+1 2 
Garrier E +7.5 -19.3 6.3E+13 
Garrier F +11.2 -13.3 2.7E+11 

Garrier G +10.8 -13.4 2.5E+10 1.21 1.24 1.29 1.32 1.34 



Dependence of image density on magnet roller bias potential in Applied Example 1 is illustrated in Fig. 1 . 

As it is clear from the description above, by making the geometry of magnetic powder to add to an 
outermost layer of the canier for electrophotography, which is used as a developer for electrophotography, 
octahedron or the like, the proportional relation between bias potential and image density is obtained, the 
increasing rate of image density is still high even at a high bias potential, and obtaining clear light and 
shade in printing and stable image becomes possible. 



Applied Example 2 
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Carriers B, A2, or G obtained in Example; 1, Comparative Example 1, or Comparative Example ?, 
respectively, was rhixed with a toner (Kybcera Corporation, EGotone(trademarak)) a^ toner Concentration 
of 5 wt.% (T/C), loaded into a Printer FS3550 (Kyocera Corporation, Ecosys (trademarak)). and evaluation 
of continuous printing was carried out. The result is summarized in Fig. 2. 



Industrial Applicability 



As described above, the present inveritionican providie a carrier for electrophotography, which is 
in durability and anchargingjprppert^^^ sf^ade jnjreal prints the cpnveritibniaii 

one, and allows fine and^ffee adjustmei^^^ 



theicarrier. 



Data supplied froni^the <esp@cehet database -^G 



12 of 12 



6/1/01 10:04 AM 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



